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Abstract: The most abundant heavy non-ferrous metals in the industrial wastewaters and spent
solutions are lead, copper, zinc, nickel, however, it depends on the type of the industry. This work
proposes the concepts of an electrochemical method of divalent copper removal from the spent solutions
with the help of granular graphite electrodes. The study has been conducted, changing the meanings of the
five major parameters including the current density (i), the concentration of copper (Il) ions (C), the
surface area of graphite electrodes (S), the concentration of sulfuric acid in the solution (M) and the
electrolysis duration (t), affecting Cu (lI) ions removal percentage from the solution. The experimental
results show that the current density, surface area of the granular graphite electrodes and the time are the
main factors, which affect the removal percentage of Cu (lI), while the changes in the sulfuric acid
concentration in the solution have a minor effect. The highest copper removal value is 97% and 54 %
current efficiency was observed in conditions: i =150A/m?, t = 1.5 h, [H2S04] = 0.4 M, S = 150 cm?
which is considered as an optimal condition for copper removal process by granular graphite electrode.
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1. Introduction

The industrial revolution with economic concerns has created some
secondary problems such as heavy metal contaminated wastewater. And there has
always been a need for a suitable, efficient, and cheap way of wastewater
treatment with a high degree of success. Chemical precipitation, ion floatation,
adsorption, coagulation, and some other chemical methods have been the most
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available methods for wastewater treatment [1].

Biopolymers and hydrogels are widely used for industrial applications
because of their availability and safety. For instance, the modified biopolymer
adsorbents, which are derived from chitosan, starch, and chitin, are proposed to be
new material for water treatment from Cu?* ions. Biosorption is highly effective
for the aqueous solutions, containing low concentrations of Cu?* and other metals
because of its simplicity and high removal capacity [2]. Another adsorption
method of wastewater treatment has been tested with magnetic/carbon
nanocomposites by Andelescu A. and Nistor M.A. pH of the solution, a quantity
of sorbent, the initial concentration of Cu (Il), and temperature have been chosen
as the main parameters. It has been observed that the removal efficiency of metal
ions increases directly proportional to the absorbent’s quantity and temperature,
and inversely proportional to the initial metal concentration [3]. The adsorption
experiments, using DTC-modified rGO-PDTC/FesOsnanocomposite, have
achieved a high level of heavy metal removal. The spent nanocomposite after the
adsorption and desorption process has been regenerated by the organic reaction.
Nanocomposite has exhibited a good adsorption capability for the five cycles [4].
Manganese oxides are observed to be a good adsorbent for heavy metal ions, and
they can be reused many times until the loss of the removal capacity. In his
research, Yang X. used birnessite, which is the main manganese mineral. The
research results have shown that the Cu?* removal capacity of birnessite (44.3mg
g'1) can be remarkably increased to 372 mg g* with the electrochemical redox
reactions [5].

The practical use of fibrous materials in heavy metal treatment has been
shown in the research of Du Z. and Zheng T. Raw jute fiber and carboxyl-
modified jute fiber have been taken as two types of sorbents and have been
compared in the same process conditions. The results have shown that the CMJF
has exhibited 4.2 times higher adsorption capacity [6]. Magnetic
chitosan/graphene oxide nanocomposite (MCGON) can be used as an adsorbent
of Cu?* from the aqueous solutions. MCGON has a high specific area, large pore
volume, small particle size, and strong saturation magnetization. MCGON
exhibited an adsorption capacity of 217.4 mg/g™. The process has been practical
and efficient due to the adsorbent's high saturation capacity [7].

Due to the use of the electrolysis-enhanced micro-electrolysis fluidized bed
technology processes, it has been detected that copper is mostly removed in
optimum conditions: flow rate — 22 mm/s, current-voltage -12V, initial pH=4,
time-30 min [8]. Reusable and capable hollow magnetic polydopamine
nanoparticles have been fabricated as an effective way of heavy water removal
from the sewage and industrial effluents. The experiment results have shown that
the heavy metal removal value has been above 70% and stayed the same after
reusing the Fe;0.@PDA 5 times. Fe;O4s@PDA nanoparticles have been
introduced as a beneficial method of Cu (1) and Pb (I1) recovery [9]. Cu (II)
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removal value reached a high of 99,9% by using mechanically activated CaCOs.
The sediment of treated wastewater Cus(SO.) (OH)s*H.O has been used as a
copper-based antibacterial agent [10].

The advanced methods of treating Cu (ll), containing the wastewater
experiments by combining the internal micro-electrolysis (IME) and
electrocoagulation processes have been conducted by Fu Chen, Zhanbin Luo. The
effects of pH, time, current density, and Fe/C mass ratio have been tested during
the experiment. As a result, by IME, 92% of Cu, 88% of Pb, and 72% of Zn have
been removed within 30 min at initial pH=3. As a result of the coagulation
process 99% of Cu, 99% of Pb, and 98% of Zn have been removed [11].

The electrochemical methods of wastewater treatment can be grouped into
three categories as the transformation methods, separation methods, and
combined methods. These methods are compact and efficient as they do not
require a lot of space and have a high value of metal removal [12]. Our previous
research results reveal the effectivity of the electrochemical method via using the
granular graphite electrodes in wastewater treatment from Pb (1I) ions [13].
Electrolytic recovery of copper from wastewater has been experimented and the
effects of temperature, current density, anode material, organic contaminants have
been measured. As a result of the 2D and 3D electrodes comparison, it has been
observed that 2D electrodes used about 27.3 kWh while 3D electrodes used only
5.86 kWh for the same amount of copper recovery (1.443kg) [14]. I.A. Khattab
and M.F. Shaffei have done some research for the electrochemical removal of
Cu?* from the effluent wastewater. A direct current has been used as a power
supply and a graphite material has been used as an electrode. The experiment has
been conducted in an electrolyte with an initial Cu? concentration of 100-350
mg/l and 750 ml/min flow rate. 0.5 M NaCl has been used as a supporting
electrolyte and the pH value of the electrolyte has been 3. The current density
range has been between 100-500 A/m?. As a result, under the optimal conditions
(current density-500 A/ m?, electrolysis time = 30 min, pH = 3, initial [Cu] = 100
mg/l) removal percent has reached 96% [15].

Heavy metal-containing wastewater can be regenerated by two-stage
electrochemical treatment. It is determined that the process of bioleaching heavy
metals from sediment emits the processed water with a high level of dissolved
metals and sulfate. The model cell with a platinum anode with an effective
electrode area of 10 cm? and a graphite cathode with an effective area of 10 cm?
has been used to achieve a high level of heavy metal treatment. The treatment
process has consisted of two stages. The main load of heavy metals has been
eliminated by cathode in the first stage and excessive sulfuric acid which is 3-4
o/l has been decreased to about 1 g/l with help of anode. The pH level has risen
from 3.0 to 4-5. As a result of electrolyte with a time duration of 5.5 hours, an
electric current density of 0.1 A/m2, more than 99% of Cu, Pb, Zn, and Cd have
been removed [16].
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Although it is possible to achieve a high value of Cu (1) ions removal, some
methods cannot be widely used for the industrial purposes. The main reasons are
high price and low efficiency. As the electrochemical way of Cu (1I) ions removal
with granular graphite electrodes has a high removal value and high current
efficiency, it can be a promising approach for the effective treatment of industrial
spent solutions.

2. Experimental part

The necessary methods and appropriate methods were selected for
conducting the research. A direct current was used to study the rules of the copper
(1) ions removal process. A rod graphite electrode was taken as the anode and a
granular graphite electrode as the cathode for the electrolyzer with a volume of
200 ml (Figure 1). A model solution containing 1g/I of Cu?* ions, acidified with
0.2 M of sulfuric acid was used as an electrolyte. Current density (i), electrolysis
time (1), the surface area of a granular graphite electrode (S), the molar
concentration of sulfuric acid (M), and concentration of Cu (l1) ions were taken as
the main parameters affecting the electrolysis during the study.

Cl

1- rectifier; 2— amperemeter; 3—model solution; 4— rod graphite anode; 5— bed graphite
electrode; 6— granular graphite cathode.

Figure 1 — Model of the electrolyzer used for research.

A voltammeter CTA-1 was used to determine the low concentrations of Cu?*
ions in a solution from 0.001mg/l and above, with high accuracy. The process of
determining the mass concentration of Cu?* ions in electrolyzed solution with a
CTA-1 analyzer was shown in Figure 2.
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Figure 2 — The expression of reduction maximum of Cu?* ions during voltametric analysis: 1—
voltametric curve of background solution; 2— voltametric curve of sample solution containing Cu?* ions

3. Results and discussions
The research work is based on the removal of copper (Il) ions by the

electrolytic reduction from the spent solutions to metallic copper at the granular
graphite cathode:

Cu?+2e— CU° E°= +0.34 V

The effect of current density on the copper (11) ions removal degree has been
investigated by direct current. The current density interval was 50-250 A/m?. It
has been observed that an increase in current density has resulted in a steady rise
in the removal of Cu?* ions from electrolytes (Figure 3). Despite the high removal
level at a high current density, an erosion of graphite electrode and a reduction of
current efficiency have been noted at a high 200-250 A/m?2. This is due to an
increase in the hydrogen emission rate which is electrolyzed at the same time with
a copper at the cathode at high current densities. Therefore, the current density of
150 A/m? has been assumed to be an optimal value.
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Figure 3 — Influence of the current density on the copper removal degree.

The dependence of copper (I1) ions removal degree from the solution on the
initial Cu?* ions concentration has been studied. As a result of electrolysis carried
out for 0.5 hours at a current density of 150 A/m? and the initial copper (II) ions
concentration between 0.5 and 2.5 g/l, it has been observed that the removal
percentage of Cu?* ions decreases as the concentration increases. However, it has
been revealed that the value of current efficiency increases directly proportional
to the initial copper (1) ions concentration (Table 1).

Table 1 — Influence of the initial copper (I1) ions concentration on the copper removal degree, i =
150A/m?, t = 0.5 h., [H2S04] =1.0 M, S=100 cm?

[Cu¥] g/l 05 1.0 15 2.0 25

Copper (I1) ions removal | 0, 5 5 | 555104 | 420402 | 365402 318402
percentage, %

Current efficiency, % 35.0+0.2 70.6 £0.5 80.6 £0.4 81.8+0.4 89.1 £0.5

The result of experiments, which have been conducted to study the influence
of the concentration of the sulfuric acid in the solution has shown that an increase
in the acid concentration results in a slight growth of copper (II) ions removal
level. This circumstance can be attributed to the high electrical conductivity of
sulfuric acid with increasing acid concentration (Table 2).
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Table 2 — Influence of sulfuric acid concentration on the copper (11) ions removal degree, i = 150 A/m?, ©
=0.5 h., [Cu?] =1.0 g/I, S=100 cm?

[H2SO4], M 0.2 0.4 0.6 0.8 1.0

Copper (Il) ions removal | 555, 3 | 536102 62.8+02 651403 | 66.4+04
percentage, %

Current efficiency, % 622+04 65.6 0.3 70.4+0.3 729+£0.4 744 £0.4

The influence of the duration of electrolysis has been studied by direct
current under the conditions of current density 150 A/m?, [H,SO4] = 0.2 M, [Cu?']
= 1.0 g/l and surface area of granular graphite electrode has been 100 cm?. As a
result of the experiment, it has been found that as the electrolysis duration
increases, the degree of copper (Il) ions removal also increases. The maximum
value of copper (Il) ions removal degree has been 96.3% in 2.5 hours of the
electrolysis process (Figure 4). After the electrolysis for 0.5 hours duration, the
current efficiency of copper (I1) ions removal has reached 62%, while the current
efficiency of copper (I) ions removal after the electrolysis for 2.5 hours has been
21%. The reduction of current efficiency can be attributed to the decrease in the
initial copper (I1) ions concentration in the solution over time.

100 -
80
60 -

40

20 4

0.5 1.0 1:5 2.0 2.5 t,h

s
—e—removal, % —CO, %

i = 150 A/m?, [H2S04] = 0.2 M, [Cu?*] = 1.0 g/l, S= 100 cm?

Figure 4 —Influence of electrolysis duration on the copper (1) ions removal degree.

The following research work has been carried out to determine the influence
of the surface area of a granular graphite electrode on the copper (I1) ions removal
percentage at a current density of 150 A/m? with an electrolysis duration of 0.5
hours (Figure 5). It has been observed that copper (II) ions removal value is
proportionate to the surface area of the electrode. The results have shown that
electrolysis with the participation of the granular graphite electrodes with a
surface area of 50 cm? has had a 76.2% current efficiency, and the current
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efficiency decreases as the surface area of granular graphite electrode increases.
The efficient surface area of granular electrodes decreases as volume increases in
size.

%o
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0 S, cm2
50 100 150 200 250

—&— Cu (II) removal —— Current efficiency
i =150 A/m?, [H2S04] =0.2 M, [Cu®*] =1.0g/l,t=05h.

Figure 5 —Influence of the surface area of the granular graphite electrode on the copper (1) ions
removal degree.

By comparing the obtained results, the values obtained as the optimal point
of each parameter are - i =150 A/m?, S=150 cm?, 1=1.5 h, [H.SO4] = 0.4 M,
[Cu?] =1.5 g/l. Electrolysis by the given values has shown 97% copper (ll) ions
removal degree, and 54% current efficiency.

4. Conclusion

As a result of the scientific research, the influence of the main factors
affecting the degree of copper removal from electrolytes has been determined. It
has been noted that:

- Cu?* removal percentage decreases and current efficiency raises as the
initial concentration of Cu®* ions increases;

- Cu? ions removal percentage and a current efficiency raise as the
concentration of sulfuric acid in the solution increases;

- The removal percentage of Cu?" ions increases, and current efficiency
reduces as the duration of electrolysis gradually increases;

- The removal percentage of Cu?* ions increases, and current efficiency
decreases as the surface area of granular graphite electrode expands;

- The removal percentage of Cu?* ions rises, and the current efficiency
reduces as the current density increases. Comparing the results, it has been found
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that the method of using granular graphite electrodes is a very effective way of
cleaning the spent solutions with a high copper concentration.

The results of the study have shown that with the help of granular graphite
electrodes it is possible to remove 97% of copper (Il) ions from a solution and
make the spent solution suitable for technical use.

The results of scientific research can be used in the cleaning areas of the high
Cu?" ions containing solutions.
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KOJJIAHBLIFAH EPITIHAUIEPAI MBIC (1) HOHIAPBIHAH TYHMIPIUIKTI TPA®UTTI
JIEKTPOATAP KOMEI'IMEH TA3AJIAY
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3/1.B.Coxonbexuii amvindaget Kanapmaii, xamanus ocone snekmpoxumus uncmumymol AK, Anmamuoi,
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Tyiiingeme. Ouuipic TypiHe Kapail KOIJaHBUIFaH epiTIHAIIEp MEH akaba cymap KypamblHIa €H Kol
KE3/ICCETiH aybIp JKOHE TYCTI MeTanfap KOPFAChIH, MBIC, MBIPBIII, HUKEIb OONBIN TaObuIaabl. bepinren
3epTTey KYMBICBIHJA TYHIPLIIKTI rpaUT IEKTPOATap KOMETiIMEeH KONIaHbUIFaH epiTinainepaeH Moic (I1)
HOHIAPBIHAH Ta3apTyIbIH OSJICKTPOXMMUSUIBIK OMiCi YCHIHBUIABL 3epTTeyle KOJIaHbUIFaH epiTiHAi
Kypambiaaarsl Mbic (1) HOHIAPBIHBIH Ta3anaHy HopeXkKeciHe acep eTeTiH Herisri 6ec mapaMeTpiH, OHBIH
imminge Tok ThiFbBALIFEL (i), Mbic (I1) wonmapeiHbelH KoHUEHTpanuschl (C), TpaguT 3IEKTPOATAPBIHBIH
Gertik aymaubel (S), epiTiHAiZeri KYKIipT KBIIKBUIBIHBIH KOHLEHTpauusichl (M) jkoHe OJIeKTpoI3
Y3aKTHIFBI (T) MOHICPIH ©3repTe OTHIPHIN *acanasl. TokipuOe HOTHKEIepi TOK THIFBI3IBIFGI, TYHIPIIIKTI
rpaduT BIEKTPOATAPHIHBIH OCTTIK ayldaHbl KOHE OJICKTPOIM3 YaKbITHIHBIH epitinminiy Mbic  (I1)
HOHJIAPBbIHAH Ta3allaHy NOPEeXeciHe eH KOI ocep eTeTiH (akTopiap eKeHAIri, ajn epiTiHaizeri KykipT
KBIIIKBUIBIHBIH KOHIIEHTPAIMACHl adTapibikrail ocep erneirinmiri kepcerri. Mseic (1) uonmapeiHan
Ta3alaHy JASPEKECIHIH eH JKoFapbl MoHI 97% jxoHe Tok OoifbIHIIA HIBIFBIMBI 54 % MoHI Keleci mapTrapaa
anBIKTAnasl - | =150A/M?, T = 1.5 car., [H2S04] = 0.4 M, S = 150 cM? 5xoHe OCHI MOHJIEp KOJIIaHBUIFaH
epitinaini meic (I) wMoHmapbH TYHIpIIKTI IpadUT 3MEKTPOATAPHI KATHICHIHAA Ta3ajayablH OHTAIbI
JKaFAaibl peTinae OeNriaeH .

Tyidingi ce3gep: mbic (1) woHmaps, TyHipuiikTi rpaduT 3IEKTPOIBI, KONAAHBUFAH EPITIHIIIED, aybip
TYCTI MeTajaap, TazajJaHy Aopexkeci, TOK OOMBIHIIA IIBIFBIM.

Hypoinnaesa Paywan Hypoinnaxpizol Xumus 2o11b1M0apbIHbIY KAHOUOAmMbl, npogeccop

Ackapoe Akoap Xamoamosuu Mazucmpanm

Korvicoaesa Axkkonoip Hypoinnaxwizel Xumus 2b116IMOAPbIHBIY KAHOUOAMbL, QOYEeHm

baewoe Oooyani Xumus viimoapuinsiy 0okmopbl, npogeccop, KP ¥FA
akademuzi
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OYUCTKA OTPABOTAHHBIX PACTBOPOB OT MOHOB ME/IM (II)
I'PAHYJIMPOBAHHBIMHA T'PA®UTOBBIMHU 3JIEKTPOJAMMU

Hypounnaeea P.H."", Ackapoe A.X.", JKvinvicoaeea A.H.%, Baewos A.°

Medicoynapoonniii  kazaxcko-mypeyxuii ynugepcumem umenu Xooocu Axmeda Sfcasu, Typxecman,
Kaszaxcman

2HAO  FOxcno-Kasaxcmauckuii  2ocyoapcmeennviti  nedazoeudeckuii  yuusepcumem, — Illviuxenm,
Kazaxcman

340 Unemumym monauea, kamanusza u snexmpoxumuu um. J.B.Coxonscrozo, Anmame, Kazaxcman
E-mail: raushan.nurdillayeva@ayu.edu.kz

Pe3rome. HauGoee pacrpocTpaHEeHHBIMA TSDKEIBIME [IBETHBIMI METaUIAMHU B OTPAaOOTaHHBIX PaCTBOPAx
U CTOYHBIX BOJIaX B 3aBUCUMOCTH OT THIA NPOMBILIICHHOCTH SIBJISIOTCS CBUHEL, Me/b, LIMHK, HUKENb. B
JIaHHOW paboTe MPEUIOKEHO NIEKTPOXUMHUYECKHHA criocod ounctku noHoB Menu (II) m3 orpaboTaHHBIX
PacTBOPOB € MOMOIIBIO TPAHYIMPOBAHHBIX I'Pa(UTOBBIX 3J1€KTPooB. ViccnenoBanue ObLIO IPOBEIECHO C
N3MEHEHHEM 3HaYCHHUH MATH OCHOBHBIX APAMETPOB, BKIIOYAs IUIOTHOCTH TOKA (1), KOHIIEHTPALMIO HOHOB
menu (1) (C), miomans NOBEPXHOCTH IrPaUTOBEIX HICKTPOROB (S), KOHLIECHTPALUIO CEPHON KUCIOTHI B
pactBope (M) 1 MPOJODKUTENFHOCTH 3ICKTPOIIH3a (T) BIMSIONLYIO Ha cTeneHb u3Bnedenus nonos Cu (1)
13 pacTBopa. Pe3yibTaThl SKCIICPHMEHTOB IOKA3BIBAIOT, YTO IUIOTHOCTh TOKA, IUIONIANL MOBEPXHOCTH
rpaUTOBBIX EKTPOJOB M BPEeMs SBIAIOTCS OCHOBHBIMH (DaKTOpaMH, BIMSIOIIUMY Ha CTCIEHb OYUCTKH
Cu (II), B To BpeMss Kak H3MCHEHHS KOHIICHTPAIIMM CEPHOW KHCJIOTHI B PACTBOPE OKAa3bIBAIOT
He3HauuTenpHoe BiysHue. Hanbonplnee 3HaUCHIE OYUCTKU OT HOHOB Menu 97% U BEIXOZ IO TOKY 54 %
YCTAaHOBJIEHO B ycuoBusax: i =150 A/M?, © = 1,5 1, [H2S04] = 0,4 M, S = 150 cM?, uTO TIpEaIOKeHO
OITHUMAJIBHBIM YCJIOBHEM UL IIPOLIECCA OYUCTKH MEIH IPaHyIMPOBAaHHEIMH rPa)MTOBBIMH JICKTPOJAMH.

KiawueBbie cioBa: wonbl menu (II), rpanymmpoBanHble TpaduTOBBIE 3JIEKTPOIBI, OTPabOTAHHBIE
PacTBOPBHI, TSHKEIIBIC [IBETHBIE METAJUIBI, CTEIIEHh OYMCTKH, BBIXOJ TI0 TOKY

Hypounnaesa Paywan Hypounnakoizel Kanouoam xumuueckux Hayx, npogeccop
Ackapoe Axoap Xamoamosuy Mazucmpanm
Kovinvicoaesa Axkkonvip Hypounnaesna Kanoudam xumuuecxux nayx, doyenm
Baewoe Aooyanu OOKMOp XUMUYECKUX HAYK, npogheccop, axaoemux
HAH PK
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